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OF OXYGEN SENSOR 

(57) Abstract 

PURPOSE: To detect the deterioration of an oxygen 
sensor in a novel method accurately. 

CONSTITUTION: An oxygen sensor 5 has a detection 
element part 6 which outputs an almost constant limit 
current corresponding to a concentration of oxygen 
(air/fuel ratio) as a voltage is impressed, and a heater 
7 for heating the detection element part 6. A CPU 2a of 
a microcomputer 2 detects an internal resistance of the 
oxygen sensor 5 and feedback-controls the supply of 
power in the heater 7 so that the internal resistance 
agrees with a target value. When it is to be detected 
whether the sensor is deteriorated, the CPU 2a switches 
the voltage impressed to the oxygen sensor 5 from a 
positive voltage to a negative voltage, and detects a 
peak current generated immediately after the voltage is 
switched. Moreover, the CPU 2a judges that the sensor 5 
is deteriorated when the changing amount of the peak 
current exceeds a predetermined deterioration judgment 
value. 
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(57) [£»] 

TV^ 0 70D3>ea-?2«CPU2ali, 

i> 0 tfz, ■fcVHMfcWSeBSKiJUT, CPU2at±, 
-fe > * 5 OEPiOn WE * lEO^E & h n VMS. K£J *) 
Six, Z<vWf±W*)&z.m.1£lz%;tk-FZ>\l-?W%LZtk 

a-r-5.0 ?e>tc. cpu2aii, \z-?mM<r>mtm, 




1 

mzmm* > wmnmE. zmfcwiz \z® n 4 mm 

mrE«E£J&^aK i 4HE« >) »x!iSlfe* <bmJE&5S 

* > -9- k j: * nMtfmL-r a t t *> m k *s v > -c dme we 

WGSXKfbtltt^SC J: ■> «tti 3 *J.fc*alESMbU*-=' 

t b»t5e^ § mm t num. * ft < -r* < utr e * - * 

« * 7 - hV < y * $fj flp -t Z> t: - ? «] «p ^ a t £ fit x , 

«*-fcV*«0*fb«£*«o 
[tt*#3] 1»E*ffi0*#«U J: 

*tt^fcWPKS»*V9-*«*'fkLTV»*|i't*l5gi-*J!i 

«***§v»»^«^, tHBMgfottfcg <ft4}jfrK 
l»E#ffc*J£tt*8S:5e1-4tt*«3 KE«0»3R-fe>-9- 

JgfittetiJ^afcfifx., 

flirEsfrfbfiis^aii, «rE«atae^b«m#«KJ: Dtftffi 
^ixtzm&w'o^x.mknmmmt^ mrErttttttttfe 

pifeiAzmz-tzmz^m-t >w£itLx^z,gznjE. 
i iztffl<DWtm-k>v<D4sitm%.mw. 0 

7i^#V>J»-g-(Jt\ HUE«5ft'£fb6 J 'jN£ < ft 4 ^[6] KM 

E*ft«3£«*K3ei-4 M** 5 
^-fb«^So 

[#£9!?>l*iaBftl&iB] 

[0 0 0 1] 



(2) #§a¥8 -3 3 8 8 2 3 

2 

•fc Vtlcjgffl S *t43frfk«5£*«fcH1- 4 4 OT*£>4 0 
[0 0 0 2] 

ft K»JS L f 2 t?-S(^RB#«»it 5rtB^J L> fu E g ft* 

10 ti, -^<0B#<D-b>^ai^ (RJMtSMB) l=J6Cra«lfc 
****!>£> ft 4 0 
[0 0 0 3] Sfc, ±E»*-fe>"9-n±, e^fflft^-fb 

*tt«ft LT0Ox.»f#l§¥4 - 2 3 3 4 4 7*&«0 

L, *©rtffl«SM6j6*fc§ < ft* ktt*-b>W*ftL 
fct*iJ^1"4 4 -5 KLfv>4o 
20 [0 0 0 4] 

[f§9!-4 J »&L4? fci-4KHl fci4^ _tE«£5fc& 

6 5ox:) ^c^s^i-4•£>^ ^ *^)^ mm-t>*nzt-?. 

[0 0 0 5] JiEM«U*SLT4SfLfc 

^-bV*KD^b*l^$IB*«ttt4ii:{C*4o 
[0 0 0 6] 

40 mwE*W5c«ffuffl*>**4«m«j*#ei:, Mem 

ffi«J»*a u 4 4 WE«J 0 1ft x. Aft* c. MEKS-t > * 
tc i 4 sa* J iR^-r 4 i T*w m iz is ^ xm E«E«J •) ft 

it»c#dmaa£'fb*«mi-**ajE'fk*tB*Si:> i»e 

tWEK* - t > * * ? *-fb Lxv^4i'^fiJS1-4 ^b«l^# 
at «r«x4i tiW§tt LTVv6 0 

[0 0 0 7] IS** 2 KEHW36WCI4. 1 CB 

««>»W»ciiv»T, i»E»*-b>-9-«>rt«MSfi;4:ttHJ-r 
4rta5SBt^ffi¥at> ffirERJE-t^^^ftRSafcK 

so i»Ei*j««fitttia#atcj:4ttm?*ifc-tv* 



3 

rtaagst t m %.<D § mm. t omm z ft < -r^ < use t - 
<t "9^ai?n^sjE«i»)mxe^«ij!i^w ? , mum 

^^tc^R-bV9-*^kL-C.v>4ir«r*iJ5El-4o 
[0 0 0 8] IS**3 CE*fl5»WCIi, 1 KE 

*0>S&ipjKi5v*T % ifflE*E«R¥a: 
l»E**9tfktfttB#«fc: i i) S ixtzM&W >0 »x.W. 

&<Dmmmit&. mfummm^m^m^x "mm six 

JDOK ** 4 ^b«I * » x. ^ i* k ^ » * > 

•9" L T v ^ 4 1 * «l 5^1" 4 o 
[0 0 0 9] Bf**4 KE««5»We«i, 1*S3C|E 

©ffi*ffiu&**£ v>».£-« fc\ UTE**^* 1 ** < ft4 

[0010] IS*« 5 i:fe«<?)f^tii, fl&S 1 KE 

4 rt^«sti&ffi iwE^kw^aji, iwe 

«Mtffc*Wl¥«fc <fc ■> fcffl S titzWEW *) &xttf£<0 
iaErt»«SH*ffl*«KJ: *)Vtm2tit:± 

V9-* J ^kLTV>4S'S:«^1-4o 
[0 0 11] »*a6KE«©ftWtli, M*g5KE 
«Of6W^Uv»r, UE*fk«5E^S«, HffE-t>^rt 

§ v*»<&-« t\ tJEmatSE'fki*^ $ < * 4 # 

[6] KfrE*lk¥JSEi££s£5El- 4 0 
[0012] 30 
[ftffl] CE*W>*WfcJ:itif, *ffiia**a 

ft* f> mf E$H -t > -9- K X 4 m«£**JR^-t- 4 £ tr<D PiU ic 
^v^TmfE«)E^ t }mx.lc#^«Bft^-fk*^m-t4o * 

ft«ai¥Stt, wsumm^mza v&mstitimtfL 

*ft*=*-^v»T«rEtt*-t >-9-* s ^k Lt 
1"4o 

[0 0 13] S-t4ir. R#**5£ttH*-fc>-9-K#v>T 

i±, ^xifenj!)p*i±^iEo*ffi^ibft<Dm]Eic^t)^x. 40 

ms. \zw •) & x. tz m k »± ie <o ufpnz m.m ft mat ( e - * 
-?«cit?>*# sn. »»-t>*o«iktt«a»cwi&i-* 
?n4 0 

[0 0 14] W*3i2UE««>»W^J:^.«X, rtflBftft 

mm^snt. F*3SPS6t^m#gt-i4^m^K/c-b>-9- 50 
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4 

ftSBfflfi t §f 5eO S Sffi t OfiSII * ft < < WE * - 

«»«'fktta#a:uj: *)*ai$*tfc*m«i«)»ii([ 
aowatssfk**, flrEWEi»«¥aK * 4«jEgg-fk^w 

Id 1" 4 k ¥U fc® Z m x B$ I c ^ ® -k > * k L T v » 
4t«r«S-f4 0 

[0 0 15] BP*,. IH**»^:tt*-t>*tt» WilfH 
12 (a) ^«Hf5T-St:H ! tHcllL, TR 

bj awsstortajaaa, TRdj um.m'gtwmtv 
mm<om^ red j ji#®w»m§*T**>4 0 ^4 
-bv-y-^k^^v^^-fev^-o^-^^tt^mg 

i'lBiO^ttfit, Ell 2 (a) W&jfiR d3J*if 
- F'*-y?mW LTv»ittf, fe*KHcSStR b^Mt^-T 

'^k^#<ft4 0 -?-<ttcj:i)> \£-9WlL<DlLiti&5 
[0 0 16] iCti, 0Ux.f«n*P«ff* ? iE^teVp 

ft 1 o^o^T-*i6t>n4o 

I 0 = I p- (Vp-Vn) /Rb 
tfcoT, ioe-^*at*I o £«5E-f 4Kl±, «ffi^J 
«fc 4 mffi^fkS K WtE-t 4 k«SE* K § 
ffdO**a*Uv»o ft*>\ 012 (b) fi*lH3i9&x. 
Uff^mSlESE'fkSr^L-Ciiij, -fe >*mSttOH«HiiE1lt 

[0 0 17] »*J|3i:E«o»«i:J:Wi, W^WciL 

R-e>***^kLTv»*ir*«je-r*o 

[0 0 18] oit), K*-b>-9-*^ki-4fc, ^K-t 
>*Wrt»«St (ttXLfcBl 2<DRb, Rd *^tr^: 

JR*«» (OKWfl) l±/J>S<ft4o lot, f-^m 

aEo*^kfctt3K«at (o^tt) tojfctt, 'Xit&mtt 

4 0 #«:, W*«4KE*LfcJ:-5lc*ik«l5ci««:aS3e 
[0 0 19] H*fl|5UE««>«fHKJ:*ttf, rtsesin: 

&xit:&<7>mBit'£fka T , «rErt««st«ai¥SuJ: o« 

HI ? tit: * v * rt«WStt»:*WBi" 4*ft«3&« * S x 
NFlcaK-fc>-9-***'(kLTV»41'«r«^-r4o 

[0020] oi»)» Km-tv^jJ^ki-st, ^©-t 



5 

ll fc** § < & *K * ff>Wtf£imfc^&. iz X ») #056 ? it 
[0 0 2 1 ] ±IEW*«2Wffifi£T-»±, W.&.W0 

3 ~ 6 OflMtTNi. JRJK«EX«i*>*rt««tfcfc«>tt 
ttitmz X ti&imfclt'fsn tub, ±E7 - K/t»; * 

-7>W®xft ; )giW.izi>Mmttf-zif&t%2> (ggtt. 

[0 0 2 2] 

[itJtM] 

mit&ttimm \z x l tz m i mmw z mm \zm.^> r 

[0 0 2 3] HI 1 li**tt«Kii»t*£*ttfca*iI© 

(ST, ECUtt'T) li±. CPU (4"*ftl^i) 

2 a, ROM CJ-Kt>'^t'J) 2 b, RAM (5 
>n7nx«'J) 2 ci:ix./:v^?na>t'a 

2 £4><£.>U1Sj£$*i.Tv>-& 0 dco-*"f ^onvtfi 

-^2<±, «a-*-4iR*maE*s:<o»3R-tv*5«>«a 

^i6m7Ji-^ 0 i/c, v>f ^anvfcfi-* 2 KHtxy 
v>$lJ«fflECU2 l3i*»^$nTi3i), mFffi^ -f * n 

3 > kf a - 9 T-** ?> tT-Tt^jtiii > v >mwm E C 

U 2 1 UW*5*L*o i>y^«»lECU2 1 l±. Ji 

[0 0 2 4] —2re, -v"f ^nnvkfj.-* 2 U\ tt$ 
-b > Hf 5 <o%it * W5e L > * 0#tt«5e€-S§- * x > ->* > 
WffiECU 2 1 tcHi^1--5, 0 i>v>$lJ®fflECU 2 

i «i#Mfc«£«*Kf6v»#e*r2 2 ^Mi^^r^ 

[0 0 2 5] «E*-tv9-5ttH*L*v»rt«|«|«ro»ft 

(CO) ««Ki*i£-f-4l!Rjra»**l&U M.-9 1M 
1$ffiSf^S&6 SrflHtittR (GUI*, ^6 5 0ttt±) C 

&#£*i4„ ii, t-^ii«SUfflIIlIK3»±^'f 
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6 

>yX*3 a<03U??W:t-^ 7C0-Jg;&*gM^£ 
tiTvi 0 h 7 >vJ* * 3 a l±, * n u y kfj.-? 
2^<bC0iimffi-^K#^*> • *yW)ftL, fc-?7C0 

[0 0 2 6] 7^D3>t' J -^ 2 t^{±JK^g|56 £ 
ooPflHli, *JEeniPSB8, 1 2tf*&il£$*iT 

v^ 0 ^LT. ?uzi>\i3.-9 2 tZXfflWZtlZ 

mwn^&m^mmmt, wjEeninSBscoD/A^ 
io i^rv/io, «fiti i zfrLxtitmm^-u 

«aw>ffl£teut* *%9i£%i 2coigtfci i, *^t> 

"7° 1 3 , A/DtftSU^LTvf ^navifi- 
* 2 KA7J£ft&o 

[0027] n2iim»-fc>^5»itii£mB&a<nc7jrr 
Mmstitzmitmrnsm 1 6o^Btc«i, »«^« 

till 8ri J Bif$*U rt*ffiKI±^«*«)S 1 9^* 

tv>5. @#*»KS 1 6 li, Zr0 2> Hf 0 2 , T 
h0 2 > B i 2 0 3 fCCaO, MgO, Y 2 0 3 , Y 
b 2 0 3 »*3c3e*Jk LTH»S*fc»3R-f 

■Mk»*MS#*&af«}, iescffifitei 7 a, 

#?L«ofl:qfe> v*t Lxm^mmmm 1 6oh* 

30 mRVW-Zte. 10~100ram 2 MO. 5~2. 0 

pmmmtKox&t), 7<^;««ssi 9<ois« 

A^JPSli, 1 0mm 2 Jil_h5.0 f O. 5-2. 0//ml 
[0 0 2 8] fc-* 7(i7C^ffl«^g 1 9l*llCJR^?n. 

TiJO, z<D%m^*)i>jf-izx y)±%.mwfe!§ 1 9, 
Si7^Jniai-^o K-^7Ji, ^JU*?-SB6 ^rS^b 
[0 0 2 9] ±fiS«^C0^*-t>-9-5lci5V^ 

SeK»±, ^^xillii 8<OM«, i£St«gt«l 7 
coif?. ^L^ROf^AgUJ: t)ftjE?^„ f/c, 
SH^lfcJ: H'J -?f-«0«*tM±, 7kMJfxX'$>Z> 
-mtStm (CO) coigjs^j^ituWLTtiiJ'j^r 
\zmtL, &*-fe>-tf-5O&ffiSf^-SB6liC0iiJ£KlD 

[0 0 3 0] --T% ^•fe>-9-5C0«S-Sc£#t4(C 

so -o^xmz tm^xwim-t&o *). i3 iz^-tx o 



7 

, v^toi9>4- R#*8B&£«r **LTV»4 (ft 
is, £0«**a*ff i>9o) o *LT, - 

0>a*«#O H#**»*« C T R JMK% jW*SB $ ix -5 
i^i:4oO»i, 5 ©R#*«t**i£«Jfc 

**it** 'J y f-fll tc & £ 13 4T«^i- * o 
[0 0 3 1] cio*ffi-m*«ftt»fi3vi-riR»* 

-rf«6Kii't4B#m»K«l 6 0|*3««tltUJ: »)# 
5E$a^»o ££t\ 6 0F"JSMSSt»4fflft 

^t#ttiiL2f#£$nio 4#tei&L 2 KJ:4RJM* 

mm&mi 1 k 4*R#m»itt «»-»•*- 4 0 

[0 0 3 2] ftiJ, **Jfcttl2\ 1 X»4 2 KfE*c 

^2rt^CPU2alc4i9 mJE^i&3MS, mifcSSft&UJ 

[0 0 3 3] ±EO«Kfl|Jt5fv42g«Jt«W* 
g<0ftffl£fj£f8-f 4 0 14070-ff- H4, v-T? 
D3>^-^2rtflCPU2ai:J: »}flfi ; $*L4> -f 
v;U-f-V*^LTi3i3, CPU 2 ali&ms^PiT-w 

[0 0 3 4] $T, >i^^-ht5t, 
CPU 2 a 14, Jfef^f^l 1 OrfflttifcRtBA'-?- 

> (A/FttiBA'-f-^) *f5frr4o a#!4, 

ft, ftjfii-i^-rfyi 2 0, 1 4 0, 16 0<9v*-fft 
i'Ofttt^iUS^KIl, Xf7^1 3 0 £OF*lS5S 
SMWBA'— f-> (Zdc»tB*-f» , 
0Ok-yiWa*-f>, XI47,7 y 7"1 7 0©-fc>t 

£ * -+> tmft ztL&o 

[0 0 3 5] #^ry/<Drt#S:Satio ft*, El 5 
147, 7-77*1 1 OO^j&Jttfcffl 06147, f 

3 OOrt^SSi^ai^-f-v*, I7iixt 7^ 
1 5 OOk-J'ftlJffll^-^v*, 0 8t47>7 7 7*1 7 0 

[0 0 3 6] ST, H5fl5S«Jt*tfl^— 
T, CPU 2 a 14, Jfef^f^l 1 lT-Si-b>*5 

I4\ flSCJgfiiZ d c *«3 0 flT-, £«Jt = 12-18* 

vtmLtz^t-tna. v P = o. 3~o. 5 [#***] 
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[0 0 3 7] C P U 2 a 14, * f - y 7 1 1 2 T* 

SUV P *9talfc*tffcil'X?'*6 KSfcft4mS£ffi> 
ap*»R**aHl P*«fcffl-f«io CPU 2 a 

14, 1 3 -CHI 9 K^i-R#mSft1i-3£«*ifc-7 

y7**fljv-T*©li#©RJME8MI*I p£££-Jfc (A/ 
F) KJE*i-&. ifc, CPU 2 a»4, «<^f^^l 

1 4 T-±ie<D$q < m h ti tz &m)t tx> y > w» « e c 
U2ieiii»uft, #/i'-f->*in'-r*o 

10 [0 0 3 8] — |g«Jfc*lB|fe»wUv>r, 04<?)Xt 
y 7* 1 2 0 T*I4, C P U 2 a fist** >V 5 <£>l*lS&jgj5t 

z d c -Hfttt-r&*5***isr-i-£o :ots, rtSB« 
w**4<, jmms-ki*, mmmmm, ®a 

</\ mm® wz-tfi&m rcnvtt&tz d c **w--r 

44^tCLTfe4v^ 0 icD*^. x>y>IfifflECU 
2 1 «r^LT.-r^^D3>ea-ir 2'srt«S«H«*«r 
20 A*i-4dK-55l44v^ 0 

[0 0 3 9] * L-T, ±ffi7.7 7 7* 1 2 0 * J #^*lJglJ $ 
n^*^lCI4, C P U 2 a (47, f7 7*l 3 0 I- jjt<&, El 

sntoummm ip*>, H6H4j 

l/>T, CPU 2 a<4, Xt77"13 ltif-feVtSO 

^m«Tei56tc«ffivn (to«E) £ep;tin-f4 0 :o 

IffVnWtl^ 113 K^1"4 7 lcR#m»Kfl^^^^ 
^t>ftv^«aXE«o«ffi-c*r), JWfclftK«4Vn = - 
0. 3 — l h] T-4v> 0 
[0 0 4 0] -?"<om, CPU 2 a 14, Xr^l 3 2t 

30 «fm 1 1 tznmwtf&o *), »se-»r>-9-5oenip« 

JE^iE^HiEVp^^ftwWEVnlc^JOmx^i:, El 

i o^-ra<«ffi«j»)»x.ia«Kft«ft**SE'ffc 

iDUKi"* (J^T, TI nj *JRJK«ilt«i:v^) 0 *Z 

1 (tlOras-tlOOms) fitt#*>, NfFA 
t 1 igi§&K, CPU2al4, 7, r 7" 1 3 3 X'UMW. 

mmi nzwiih-fzt&iz^ mwim.ffi.mi n * ram 2 

40 [0 0 4 1] £ h C P U 2 a 14, 7, r y 7* 1 3 4 t? 

JEV p izm-tt&iZ, 7.7- 7 7'1 3 5 "C^fK t 2/itt^F 
«-T4 0 ^w^Ffl t 2 t, 11 0Kf=1-i n nmJE^JO 
SI ^ I : is 1 1 4 fcf - ^ m c£ 5: ^ \z ? * -& tz * O ^ 
(tlOms-SlOOms) X'hi> 0 
[0 0 4 2] -f<7)^, CPU 2 a!4, Xy-yzfl 3 6f 
7 7-77*1 3 l«SOlEVnt^f77'l 3 3 <7)iR^ 

isii n (nv>Mffi.m) tfrbznmffy&mm^&e 

1 6) <0rtSi5«gtZ d c (=Vn/I 
50 n) iW-tii-rbc *»^-6ia6t?l4, ±te<7>5B<^FKt 



(6) 



M¥8-3 3 8 8 2 3 
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1 , t 2 rtfttflMBLfc&KWSME (In, XliU 5 <D I 
p) tf*1£aj$*t*i tkZX fltffi^av^me*^ 

[0 0 4 3] JiKEieotoSSrE] 1 0 <T> 9 4 AT * - V 

1 (Oi^f 5 >^T*m0E^ TVpJ TVnJ KSJ»)lfc 
x.£>*U Mtl (»1 0ms ~»1 0 0ms) 
LfcT2(?)H^ ^iRjfcSSfeffi I n ri^ffi Zilhl 
WJE^tccdWJEV p Kjpi£*i.&o ?t>i:i*Bt 2 
(ftl 0ms ~&1 0 0 ms) iimMLtzT 3 V> ? 4 5 10 

yyx-numkz a ci f Stii?M. 
[0 0 4 4] it, gu <r>* 4 ^-fxiDxt? y 1 

4 OT-li, CPU 2 a lit:-* 7 W&SSiJfllfcft-? 

GP = KP • (Zdc-ZdcT) 
GI-GIi-1 +KI ■ (Zdc- 
Du t y = GP + G I 

rKPj ujt«je». rKij liwweiR, rz 

d cTj J±§*«ttfl[*fEUTV»i 0 20 
[0 0 4 7] ofl), U7t::£v>t\ CPU 2 a li. 

1T*±I£ (1) 5£*fflv»Trt*MgfitZ dc« 

t*±k (2) ^s-fflv^Trtasjggtz d co«ai=»ei:fc 

«53-SG I **a+* 0 -f-LT, CPU 2 all. Xt~; 
yi 5 3TMJB (3) S^fflMl:-^ 7<0*IJffllT'^- 
t^DutyillliU *0>&3M'-*->**n'i-4o 
fc-*7l±, -tfSSW fa-f -(Du t y ClSo* § N m 

i coe-^iimsuttin^3 i? a<tum $fL« e 4 

*Hife^T-t±, ^WiPIiftlJfTotV^^ 30 
P I D©J^3gL<liI{H®<0*£ftd 

[0 0 4 8] £/c> d4<Op( >*-f^fy 7*1 
6 0r-li, C P U 2 a ligf-t >t 5 Irff ^ 

[0 0 4 9] LT, _hE* ^Ute^JBIJ ? 
ii-fc^l-li, CPU 2 ali^-r-7 7'1 7 Otcjt*, El 40 
8c7)-b>-9-^kfiJ^;w-^>^^tf1-^, 0 BP*,. H8IC 
*5V>T, CPU 2 al±. Xf7^1 7 1 T-^Jf-fc 5 
^&ffi»^a$6 KfiO«EV n £9liPl-& (EPi)PSJE£ 
iEomiEVp^ibm^miEV nlc^JIJ^x*) „ zvm. 
JEVnOffili. H3K^-TJ:^lc|R*«aE«k*t:fr* 

Bt1tffi;v-^>) Wr^yi 3 KOWEEVn tmCX' 
«fc >/» 0 

[0 0 5 0] -?-<Oj£. C P U 2 a l±, * r ? y 1 7 2 T 

1 3tnmm-n>o mmt 3 a, mm 50 



*»i, M^f7/i 2 otitic aniiitEft, 
[0045] lt, ±E*r-»yi 4 o^frswais 

titzWi^Kii. CPU 2 aliXf 7 7^1 5 0 Kit*, 0 
7WH-^ftiJ^);u-^>*||fifi-* 0 BP*>**tt«t? 
li, PWM (/-c^^WJEH) KJ:4fa.—r-fJt(HI«IC 

i-f-fDutyliHT« (1) , (2), (3)5£T* 

[0 0 4 6] 

• • • (1) 
Z d c T) • • • (2) 

• • • (3) 

is 6 o*-r yyi 3 2 Kim£B#pg 1 1 (mjESJ'm* 
p*oe-**aw>iKJW#Hi) ingvi»Bi?*oT 

(t 3< t 1) , jyfcWKIi 0~&1 0mst-iv> o -?- 
LT, CPU 2 al±, B#P5 t 3 (0~&1 0ms) tztf 
f^ofc^lC. XT7 71 7 3 T"?-OB#«0S»ftffi (WT\ 
i^-^IIffiIoiv>-7) £tfcaj1-£ t*ic. ^temifc 
fltl o £RAM2 c »CfEtt$*4o 

[0051] S <b CPU2 al±, * -r y y 1 7 4 T* 
^m^ : f-S56K7nOiE<omJEVpSre|lip-t«&fc*lc, x 
7-v-fl 7 5X'ft® t 4tzim®tZ>o i«Wt4 
li, mi£«0*;ti»#Kfc»t4tf-*«iiiteJRJfcS«4fc 
*S>Of$«B#H (&1 0ms~|l 0 0ms) tiot, 
«f»LfcH6 4>l$|BJ t 2 fcRtBtflJ-e** (t4 = t 
2) o 

[0 0 5 2] ^<7>f£, CPU2 ali, 7/1 7 6t 
X x y y 1 7 3 KTtfctB $ ixtz \Z-9WKM. I o 
©#ft*l£1il o si? fc/hSv^5*»«:«gUi-4«, i 

B#) Otr-^«»flI o J: »J «t>amA^?v»fl[K|9:3eL 
tv^o -0^, I o^I o str&ftlf, CPU 2 a 
l±-tr>*jE#T**-& t^^LTXf- y yi 7 6 £5£¥!l 
gUL, ^Ji^-fv^Tt^o -J, Io<I 
o stfeHlf, CPU2 al±t>tMt*4i*^L 
T^f'^l 7 7Kjttr 0 CPU 2 ali, Xf77*l 7 
7T-£lb«£€-t£^>v ; >fWffllfflECU 2 1 ICtB^L 

ffllfflECU 2 1 Ii#^!fr2 2 £if.*m^£-e-& t*IC, 

[0 0 5 3] ±EH8W^a$-ia 1 KO^-TA-f-^-h 

Jgicisv^r. H*ll±^kB5 (JE«^) «r^L, i&&»±# 
it'&ZTp-To l T-li, T 1 1 <£> ^ -f 5 > 9~X' 
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epfln^iE^iEwiffiv p frbMcon&v n \Z® l)^x. h 

ft£o ttz, B$|lBt3 (0-tlOms) *^iSL^T 

1 2<o^^ 5 v^-ee-^miftfii o^ffiSft-fct* 

[0 0 5 4] S <b tCBfRfl t 4 (tlOms-SlOOm 

s) tm&LtzT 1 3?)*^ 3 >^-ci±, tf-^maifi 
I oKJ: ^bWSE^fi^ft-fco n^x-^-r 
J; 1 1: I o ^ I o s X-$>til£, lEHtfl^S: Sft£ (H 
8«^f 7/1 7 6rt J NO) o — 1j> ^Hr*^1" <t t 
I o< I o sT'&ft'f, ^bfflS^&Sft* (0 8<£>X 
f 7 7*1 7 6WYES) o 

[0 0 5 5] -c:t% W.&.W&mi'ZiiVZ, \t~-9WMAL 

&6izi3tt2>mm®i&zm-ro mi 2\<z&^x, tr 

bj li&ft£&i&T-«Drt^&ftlz*fJEi?U TRdJ liR 

1 6ttg i 8 , *5tfBij«®i i 

9) fc<7)#ffiK#£1-S«iftKttJk1-,&o TC d J »±|hI 
«lc#ffiw#mSiT-*^>o ffiU Zdc=Rb + Rd 

-cab* 0 i<o*§-£\ en*p«)E^«ji9^x.7ti:^i±, mat 

ffi*/.:*^ tf-^m^ffil ott«fitR btCfcoTifeE? 

iii> (>k<o (4) 3;) 0 

[0 0 5 6] 

Io = Ip- (Vp-Vn) /Rb ••• (4) 

itz, K*-t>*5^-fbL^^, -tv^-rt^JiWT 

tc^-r^^M-r^o bp*.* s vmm 

1 8 Rw^mnfem 1 9) i±e#x-*"- 

±ffio^b«^-ertgi5«gtz d c t-&z+s<< 
mm o t , ^k«f j; 15 <> k - ^ 7 ^s^ftijffli s 

ft* &ftRb£/hiM1-£#f^ s £t:£o &oT\ #-fb 
mzit. ^bBU^Jt^rtSBSStZ d c ( = Rb + Rd) 
fflDT-*oti, iSSiR bli/h£ < iot. k: 

[0057] &±m&Lfz*minmmz±titf^ ms. 
®%izR^$i&&<&m*>y- s<7)&m\fczfti 

it#t:iS„ i5¥<?)^ib$fJffliv'^xA-c-J±, 

tfrh. ±^<7)jp<rtiEi5^z d c z-fcmz&w-rz 
K-*<Dmw,fflm (m7<oy-i - hVN-y mm) <r>&m 
tf&mztix^ztf. *mmm x- \t® \z ±m * - * mm 

£ m ^tz v X x A IC jtf S Kffl n-S Cl t tfX # * c 
[0 0 5 8] EOSDWEE^ TVpJ - |"VnJ - 

TVpJ t«J»}^x.il^Uli. &;LBtKi|Xjfc 

Z&^tztfXDftm&fffl mifUm 10ms-Sl00m 



(7) »8-3 3 8 8 2 3 
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s) **iS^l<0*-fb*IJ^tCiJV^Tti^b 
*fJ^H«t L-TWfc'-^mSEft I o £*£ffi1-&ISIK'{l^ 
=£P#3 (0~&10ms) Lfr£-mtL%^o *Wtz 

a» ^b*J£^^PB<offiSt'fb£B<5>- t^t'#^ 0 

[0 0 5 9] 2 flifcW 3 5.^4 KB 

«w^**^bL^^2H^tcov^r, mmm\ 

10 ^2HiS0!|-C-li, ^^n-^iiH^^-yvftUfflilc^S 
LTV^ 0 II l 3(07Q-ft- H±^2HJfitajlci5lt 

a-f-^- Mc*B^1-& 0 114«7D-ft- 
b 2 HJfe^l^iJtt'&-b v^'fbWS^-^v tr^ 
L, ifvli^ lHSfi^!lO|2l8W7n-f-^- KcffiS-T 

[0 0 6 0] HI 3 <0> -i v^-f-^T-li, fJKH4fc 

0, 13 0) k-^SUffll^KI-^^a (I4©^r 

20 ?7i4 0, 150) t^B&^nriJD, \t-?mm 
* - 7 > ffifjffi) j&*tf ^ n t. v> ^ 0 

[0 0 6 1] H 1 30j« >f ft 

-?>t> CPU 2 a»±5fe-f^x-y/2 1 OT'^Jtltm^ 

-•^> (A/F^m^-^>) ^^=ff-r^ 0 -<75^it 

tffl^-fVli, i4W^f77 , 110 (E15) t^r< 

mcx'X^tzib, z\z\ximw*%m-rz>o 

[0 0 6 2] ZV>'\k, CPU 2 al±, ^t77 , 2 2 0t' 
^» -t V -9- 5 ?>*<fb * ^ffi 1" * *S * * W 80 L , #lbfl 
30 gO-T*t*ft»f, ^-r >'7 P 2 3 OKjttfo J^T, Hi 4 
*• m ^X -fe > *)-£im%.>\< - *• > KWi" h o 

[0 0 6 3] HI 4tCfcV»T, Xf77"231~233 
li|8Wf7 7'l 7 1-1 73tR Ctelt* , C 
PU2al±> ^f77*23 1 t|WtEV n ^EfliPL, 
Xf77l3 2 X-mfcftffl t 3 ( 0 — 10ms) fitf 
l##L, ^f7^2 3 3t'tf-?lSlI o<o&tij;s.tf 

SK^mft^RAM2 c^oKis^ff^o -etr, tr- 

oc7>^iiif£> CPU 2 al±, Xf 77*2 3 4 
T*B#P4 t 5 (tlOms-aiOOms) L£ 
40 f^JC, 7f7 7"2 3 5-C«3K*iMtI n^^tiiLRAM 
2 c lcffiii^-ti:-5>o --T% B^fP5 t 5 •) ^x.^ 

ft, CPU2al±, *t y 72 3 6 X'tfiliim^ 6 \Ztc 
W«BEV p SrEnSDi-^o 

[0 0 6 4] *<Ofe^ CPU 2 ali, Xf77"2 3 7f 
m 1 6 iZTF-t I0-I11V7 -7*m^. RAM 2 c ftO 
tf<Olfif I o , In (^f 77*2 3 3, 2 3 5«f 
ffiffi) (cSo-SK^-tv^S^lbWS^ffTo 

H 1 6»7 7 7"liROM2 brttC^«6Sg?ftTV» 

so iiw-e* *) . '^sim^L 3 Lxwm® m 



(8) 
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<omi&A) k*E#«* (HO«*B) tiZ\ZfrZft.X^ 
b a %imiE&L 3 \U aacVXtt I n jJ*jM*jK*# < 

^ tomoia^wmm i n t ?mmm i o t *m 

&&i)*&m.B\,z3bi\\f, CPU 2 al±-t>-9-IE1ir-C&£ • 
tWLtXf-yy2 3 7 £S5e$iJSiJ1--2>o 
[0 0 6 5] -g-O^^iRmmcSffll n i t:'-^m 

X1K I o k Aizibtilf* CPU2ali* 

itLX^Z t*.%LXAfv-/2 3 7 t-j > T5ef , JSiJ1-&o 
•5-LT, CPU2ali> *7 7 7*2 3 8 tc jtt A,-e^b*U 10 
5e«-t*iV-y>W»fflECU2 ltcm*1-^o *77 
7*2 3 7 , 2 3 8 (Otelf, C P U 2 a li, X-r 7 7*2 
3 9 ■c*w£«Jfct*tHa t »a£ < Hifc-e ICB#F^ 
t6 (tic 10ms -15: 100ms) £"tf#« U 

[0 0 6 6] ±IB0 1 4O$!! i St0 1 5<OHAft- 

T 2 1 <D^-f 5 >^T'6|liDl|JE* J jE<7)mJEV pfrhM<D 
m&V n\,Ztyy)&x.btl. B#Mt3 (O-tlOms) 
4«iLfcT 22©?^? V^Tfcf-^WSfctel oni** 20 

[0 0 6 7] £C>lcB#Ht5 (SlOms-tlOOm 
s ) i>mm LfzT 23W?^5 >^"C(i, EniDSJE^X 

«f£, t 6A*$£ifiL£:T 2 4 <9 * 4 5 >^T-0 1 4 
[0 0 6 8] £ >Lt\ HufE0 1 6<Dv 7 7*»CiJV^T»i, 
*»*-b>-9-5«)W»I»tt (E1ICSS^T-^1-) fcfHML. 30 

it*m%.Ltz^#&\z\t. tim^mz&^tusx^o 
ttz, m^mi o 1 1 n tnmmt. immmmi p^ 

-g-tcti, ±1201 6»2^7C-7 y 7*lcK#«»5LffiI p^ 
WgJlftJjnx-, 3 %.7ty.±.<0-? y -ft LX i> J:v^ 0 
[0 0 6 91 J*U:»J6 L fc-MS 2 HMWc i ftjf % tf- 
**8Mt I o «> jEfti**, I n \Zttfo-fZ>'£ 40 

gtiiiCLfco o^i), 7 > WW 

l"**^, 5***11:1- -5 k. iSR-fe-vg-SO 

rtSS&StZ d c li«*i"*«ftK*4fcJ6, ttE3J»& 

seer, e-*m»©*fc*fc«u«a[ t 

[0 0 7 0] $^2^fflWr*li, Tt-tVm** 50 
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- 7v«J» k L £tf'> ±Eg 1 3gjtfll k I^WK 7-f — K 
^y^flJWk LT*> .fcv'o l*3SB}ft#tZ d crt* 

R b (012 #BB) «9^bK SsfEft I o 

[0 0 7 1 ] <*3HttW W*«5Sir6KB 

*2Hift«i:offiaj«*4'^U»Wi-*o 4iJ, *»3 
H*0l"Ctt, lf£JEE#J "9 y£—9W&M. I ok 

rtSBStriZ d c k«)W«Cl6CT«**>-9-5 0*fl:fl 

[0 0 7 2] of l), 5 OfiaM&ttZ d c k 

JRlfcWiiMt I nkfi rZdc=Vn/InJ kv»^H« 
t*.i-*o 01 4 ^i&jfcmsfcffi I n «rfflv»fc* 

ftfl^KftitT, rt^JgSiZ d c *fflv»fc#ftWJ&*ff 
% 01 7<07D-ft- h\±%3$kt&ffll,Zi3WZ,* 4 
>;l/-^>Sr^U i*tli^lHJfi'W<iO0 4<D7n— ^ 
t-H:«at4. 01 8(07n-^-v- h{±^ 

3 mxm c * »t & -t > - f - > z ^ l , i n 

[0 0 7 3] 01 7 03*4 V*— f-v-Cli, mffe0 4 k 
ifc«LTK-^«l|CIIQ1-*»a (i4Mf77*l 4 
0, 15 0) 7^ffl&£ttTi5»K fc-^WflJCBLTtt, 
0^L^v^Jffl0^(ci «)©Jffllf a-r -f— 5e«D*-7 r 

k|B|*KP HUtPK-CHJtLTt J:v»L, m*-t>^5 

[0 0 7 4] ST. 01 7 W* 4 >;U-^>75 J P3te^n 
it, C P U 2 a l±*fX t- "J -f 3 1 0 r-^jjKJt^ffi^ 
-•^V^Hfti-i,, CPU2al±, ^7 773 2 

O-C-rtgEffigiZ d c t«Wi-4*»5*t«gOL, fcffi-r 
-&<6-e*iiJ^ ^y-y-f3 3 0 T*rtSeSgL^tB;w-^-> 
SrHlfi-'&o *i3x ^7 7 7*3 10-3 3 OOjJkati, 
04^777*1 1 0 (0 5) , 1 2 0, 1 3 0 (I 
6) k^<ratt 1 J:v>^*5, ic-eiitftW-ttlRlS-tio 

[0 0 7 5] CPU2a(i« ^7 7 7*3 4 Of 

5 0£fb*ttB-*4*5**«HI L, ^bfl 
JJIJ-t-ikfttt-f, ^777*3 5 OtCjltro ttT, 01 8 

[0 0 7 6] ^i5x 01 8tCi5V^T, ^777*3 5 1- 
3 5 5lii8<0^77yi 7 1-17 5 tnt^MX'h 
ho EP*>. CPU2ali ( X7 7 73 5 1 T-ftwmJEV 

n tenia l, 7*3 5 2 -cm^k t 3 (o~*f4i 
oms) tm&m-r&o itz, xx7 7*3 5 3-e«±e- 

^«ctlffil o £*$ffi-r*k**CSK&a5ffi£RAM2 c 
tCfetl1-io ^7 7 7'3 5 4t-liiE«-i<OlEVni> 
bJE<nm&V p~-9)*)&z.. ^7773 5 5T-li^H 
PUt 5 (SI 0-&1 0 Oms) fitt«F«i-^o -?"<7> 
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f£> CPU 2 al±. Xy-y-fZ 5 6 T0 2 0 KtjvT I o 
-Zdc77^fflv\ RAM 2 cn<T>Wfr<r>W3m\ 
o, rtSMSStZdc 7y3 5 3ftiflL/;I o, 
0 1 7©Xf 7 7'3 3 0ft£l3L/:Z d c) Kafc-^§» 
S-tV^SO^kW^SrfTTo Oil), 02 OO^y "/ 
liR0M2 bftl,z^)f>&fc2tiX^Z,i><OX'$>t), 

li, rtSMSftZ d cji**3 < *4«if±#**»< J: ? 
KR£3*tTv»4 0 *WI*Ort««ffiZ d c 10 

oi:*tt^A««*D»w**Ltf % CP 
U 2 a»i-b>-9-jE#T-** k*4LW?7^3 5 6 * 

[0077] it, ^o^ortSB^fiLZ d c t 

WHlot «ri»*jS**«*C UfcfUJT, C P U 2 a (iflfc 
^■feV^S^-fbLTV^t^irLTXr 7 7*3 5 6 i 

nfcmm-t&o cpu 2 a uu ^7^357 

K«^*fl:W3e«**J.v^>«lfPfflECU2 1 tctb 
#-t4o 5 3 5 7 0»Bfft, CPU 2 a 

l±, *;l/-f >^IMtio 20 
[0 0 7 8] ±1201 8O4&S&0 1 9<O^^A^ + - 

T 3 1 C9*"f 5 >^fSffi**iE<OSJEV pfrbMoME. 
V n K£J <) &x h ti. mm t 3 ( 0 ~m 1 0 m s ) 
SL/;T3 2<OJ"f 5 > yx*\>- *%MM. I 

sum o fcrt«safz d c tK.&s$%imiz.itfi*>*. 

%> o 

[0 0 7 9] ££t, fltTE0 2 0WV-^ytCiJV^T(±, 30 
*ft«3e«lL4traTO»<K3eL.-CV»*o oil), ± 
E01 6fcH*K, ^*»**>*5<0*)8M#te (BC 

o «r»%«»tftflJK*iDS*Jt? 4 >t*fl:flje«L 4 

S*U Jt*mo»©#ffc*«£Lfcv»*frKH\ *0«# 

[0080] a±, *»3*jfi«uj:*iwr, tr-^msK 
tti o rtSBi&t/tz d c KWj&i-**ft*i5e 

iiCLfc, ±E»1. IS 2 fc rati 

«JSa<K*-t>^5<D*-fkfl^«:fi : "5 i bWCZ 

bo 

[0 0 8 1 ] *»«ii±EHifc«fl5«!K, 

as k x jwwb+ a*-? § * o 

(1) ±EfB»«Ttt, rt«J6ftZdctftHlt*tft 

WEVnUJ: Dttiftfftl n*«ffil,fca*, 
¥4 - 2 4 6 5 7-§-2f^W J: -J tc^ScSi-f > MZ- V> X\Z 
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rtSBStnlZ d c iMSe"*-*. * fc, 7-1883 

10 0 8 2] ( 2 ) ±en»«t?«i, K*-fe 5 oen 
k& c « tr- * is©titi:s-3'i n-fe >^ 5 w^-fbw 

jStfrort:**. HO*EVn*»?>iEO*ffiVpK«J»)* 
x.fclRtc^Citf-^WSttOSE'fb (WAIf, 01 0OT 

K*>, ±IB*lt«i:n*0»**«»&ii4. 
[0 0 8 3] ( 3 ) ±Bltli«-C»i, ffl«Jt«kai*K* 

Lfca*, dfl*iTSEK»:3ei,Tfc iv> 0 oil), 02 1 

^-WB#<7)Pfi#m5iLffi I p (£«*b) (CIS CfcWEE V p £ 

Rje-r* (vp = z • i p + v-e) c fiu k^sil 5 

V e liafl&ttJt ( I p = 0 m A) -COR#mSlE«0« 
[0 0 8 4] (4) SSt>*5 0tlHf«6miat 

^tKL, ^o^ajstrtssM^z d c 

[0 0 8 5] 

KiR3Ki-iit?«>miitSE<b (tf-*WiM8«>Sefl:) 

mu. ^to^ffi^s^ib^bw^^fi 1 -5 £ tizx *). m 

[0 0 8 6] »*ffl2lcE*05&fHUJ:iitf, «t*-b> 

tttc«l«F$*L4ttJi8t?*or(>a»-b>-9-«)*ibflS64: 
[0 0 8 7] R*fi3, 4tcE®<0f&W^J:ixlf> mE 

[0 0 8 8] «tJfi5, 6 \z!BML<Dfkm\ztti\i* MS. 

[0ffi<offl*^l^^] 

[01] fgffiffl£*m&^JfcttU£C0Kfltttilj£* 
^•Tffil^0o 
[0 2] K^-t>-9-co«^Sr^1-»fffi0 o 
[0 3] Sl*-b>-9-co«JE-«c£#tt*^i-0 o 
[04] ^ >;P-f>iit7D-f ho 
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[05] £**J£*fcffi;w-f >£7Ft7Q-f t- h 0 

[@6] n$t>m.wfe\b*-*y*7*-t7v-i-*- ho 

[07] t-j'l»*-f>t*t7n-ft- bo 
[08] *>^*ffc»£;l/-f >£5tt7n-f t- 

ho 

[0 9] KS#«St£ll-^ikvy^ 0 

[0io] H6©rt«att«a^-f->of^ffl*j: 

#WKS£9!1-& Aft- ho 

[0ii] asw-tvfMi^i'-f ><Dftmz x *) 
&fem~mm-tz>tzib<r>9 j Aft- h Q 

[012] KH:>t(0f«t, EPtPmEaV-bV 
+«^W&^fc£^?0o 

[01 3] »2Hift«KiJtt4^'f VA'-f->*^1-7 
D-f t-Fo 

[01 4] *2**«Ki3tt4*Vtf#ffc«J6;i/-f V 
*St7n-ft- ho 

[015] 01 4<0-feV»f^k«56^-f VOflffflSri 

[01] 
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ij *#6<jiciii^i--&/ci6w^'i' Aft- ho 
[016] tf-*W»ffifcJRj|€W»ffii:©M«uaS'tf< 
#<fcH«c**1-0o 

[0i 7] & 3 -f >;u-f >*m-fy 

a— ft- h 0 
[01 8] * 3 *HOTK*»t 

[019] 01 8 o-fey-f^j'ftfij^i'-f yovem* <£ 

WMi:^ti/:*")^^Aft - ho 
10 [02 0] if-^«*ffii:rt«MSa4:0|»«U3fe^<* 

[02 1] »*-t>-9-o*ffi-**»tttcenini«ffiii3e 

[0 2] 
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(57)Abstract: 

PURPOSE: To detect the deterioration of an oxygen sensor in a novel 
method accurately. 

CONSTITUTION: An oxygen sensor 5 has a detection element part 6 which 
outputs an almost constant limit current corresponding to a concentration 
of oxygen (air/fuel ratio) as a voltage is impressed, and a heater 7 for 
heating the detection element part 6. A CPU 2a of a microcomputer 2 
detects an internal resistance of the oxygen sensor 5 and feedback- 
controls the supply of power in the heater 7 so that the internal resistance 
agrees with a target value. When it is to be detected whether the sensor is 
deteriorated, the CPU 2a switches the voltage impressed to the oxygen 
sensor 5 from a positive voltage to a negative voltage, and detects a peak 
current generated immediately after the voltage is switched. Moreover, the 
CPU 2a judges that the sensor 5 is deteriorated when the changing amount 
of the peak current exceeds a predetermined deterioration judgment value. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Deterioration judging equipment which is characterized by providing the following and which is applied to an 
oxygen sensor which outputs the almost fixed limiting current corresponding to an oxygen density with voltage 
impression A voltage means for switching which switches applied voltage of said oxygen sensor to predetermined 
voltage A current change detection means to set by the time it is completed by current by said oxygen sensor from 
immediately after a voltage switch by said voltage means for switching, and to detect current change accompanying said 
voltage switch A deterioration judging means to judge a purport in which said oxygen sensor has deteriorated based on 
current change detected by said current change detection means 

[Claim 2] An internal resistance detection means to detect internal resistance of said oxygen sensor, and a heater 
attached to said oxygen sensor, It has a heater control means which carries out feedback control of the energization to 
said heater in order to lose deflection of detected sensor internal resistance by said internal resistance detection means, 
and predetermined desired value. Said deterioration judging means is deterioration judging equipment of an oxygen 
sensor according to claim 1 which judges a purport in which the sensor concerned has deteriorated when current change 
immediately after a voltage switch detected by said current change detection means crosses a deterioration judging 
region corresponding to voltage change by said voltage means for switching. 

[Claim 3] It has a convergence current detection means to detect the current value concerned when being completed by 
sensor current after a voltage switch by said voltage means for switching. Said deterioration judging means 
Deterioration judging equipment of an oxygen sensor according to claim 1 which judges a purport in which the sensor 
concerned has deteriorated when current change immediately after a voltage switch detected by said current change 
detection means crosses a deterioration judging region corresponding to convergence current detected by said 
convergence current detection means. 

[Claim 4] Said deterioration judging means is deterioration judging equipment of an oxygen sensor according to claim 3 
with which a case where an absolute value of said convergence current is larger sets up said deterioration judging region 
in the direction in which said current change becomes large. 

[Claim 5] It is deterioration judging equipment of the oxygen sensor according to claim 1 which is equipped with an 
internal-resistance detection means detect internal resistance of said oxygen sensor, and judges a purport in which the 
sensor concerned has deteriorated when, as for said deterioration judging means, current change immediately after a 
voltage switch detected by said current change detection means crosses a deterioration judging region corresponding to 
sensor internal resistance detected by said internal-resistance detection means. 

[Claim 6] Said deterioration judging means is deterioration judging equipment of an oxygen sensor according to claim 5 
with which a case where said sensor internal resistance is larger sets up said deterioration judging region in the direction 
in which said current change becomes small. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the deterioration judging equipment applied to the oxygen sensor of a 

limiting current method. 

[0002] 

[Description of the Prior Art] In recent years, for example, car motor, the oxygen sensor of the limiting current method 
which detects an air-fuel ratio to a linear according to the oxygen density in exhaust gas is adopted. When the oxygen 
sensor of this limiting current method outputs the almost fixed limiting current corresponding to oxygen concentration 
with voltage impression and it is appointed as the Air Fuel Ratio Control system of said car motor, an air- fuel ratio is 
called for according to the sensor output at that time (limiting current value). 

[0003] Moreover, in the above-mentioned oxygen sensor, the technology of detecting deterioration with time with a 
sufficient precision is demanded, and the "deterioration detection method of an exhaust air concentration sensor" of 
JP,4-233447,A is indicated as this kind of conventional technology. If the internal resistance of the oxygen sensor 
concerned is computed and that internal resistance value becomes large, he is trying to judge with the oxygen sensor 
having deteriorated in this official report from the output current of the oxygen sensor when impressing voltage to an 
oxygen sensor. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the case of an official report, the problem shown below is 
produced conventionally [ above-mentioned ]. That is, it is necessary to hold the main parts of a sensor (solid electrolyte 
layer etc.) to a predetermined activity temperature (for example, 650 degrees C), a heater may be built in an oxygen 
sensor and energization of this heater may be controlled to detect the limiting current with a sufficient precision in the 
case of an above-mentioned oxygen sensor. In this case, though the oxygen sensor has deteriorated, internal resistance is 
maintained by about 1 constant value as a result by the increase of the amount of energization, or being carried out [ of a 
heater ]. Therefore, the problem that that cannot be performed even if it is originally in the condition of deterioration is 
caused. 

[0005] This invention is made paying attention to the above-mentioned problem, and the place made into that object is 
to offer the deterioration judging equipment of the oxygen sensor which is a new method and can perform the 
deterioration judging of an oxygen sensor with a sufficient precision. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention according to claim 1 A 
voltage means for switching which is deterioration judging equipment applied to an oxygen sensor which outputs the 
almost fixed limiting current corresponding to an oxygen density with voltage impression, and switches applied voltage 
of said oxygen sensor to predetermined voltage, A current change detection means to set by the time it is completed by 
current by said oxygen sensor from immediately after a voltage switch by said voltage means for switching, and to 
detect current change accompanying said voltage switch, It is making into a summary to have a deterioration judging 
means to judge a purport in which said oxygen sensor has deteriorated based on current change detected by said current 
change detection means. 

[0007] An internal resistance detection means to detect internal resistance of said oxygen sensor in invention according 
to claim 1 in invention according to claim 2, It has a heater control means which carries out feedback control of the 
energization to said heater in order to lose deflection of a heater attached to said oxygen sensor, and detected sensor 
internal resistance by said internal resistance detection means and predetermined desired value. Said deterioration 
judging means judges a purport in which the sensor concerned has deteriorated, when current change immediately after 
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a voltage switch detected by said current change detection means crosses a deterioration judging region corresponding 
to voltage change by said voltage means for switching. 

[0008] It has a convergence current detection means to detect the current value concerned when being completed by 
sensor current after a voltage switch by said voltage means for switching in invention according to claim 1 in invention 
according to claim 3. Said deterioration judging means judges a purport in which the sensor concerned has deteriorated, 
when current change immediately after a voltage switch detected by said current change detection means crosses a 
deterioration judging region corresponding to convergence current detected by said convergence current detection 
means. 

[0009] In invention according to claim 4, as for said deterioration judging means, a case where an absolute value of said 
convergence current is larger sets up said deterioration judging region in the direction in which said current change 
becomes large in invention according to claim 3. 

[0010] In invention according to claim 5, in invention according to claim 1, it has an internal-resistance detection means 
detect internal resistance of said oxygen sensor, and said deterioration judging means judges a purport in which the 
sensor concerned has deteriorated, when current change immediately after a voltage switch detected by said current 
change detection means crosses a deterioration judging region corresponding to sensor internal resistance detected by 
said internal resistance detection means. 

[001 1] In invention according to claim 6, as for said deterioration judging means, a case where said sensor internal 
resistance is larger sets up said deterioration judging region in the direction in which said current change becomes small 
in invention according to claim 5. 
[0012] 

[Function] According to invention according to claim 1, a voltage means for switching switches the applied voltage of 
an oxygen sensor to predetermined voltage. A current change detection means will be set by the time it is completed 
from immediately after the voltage switch by the voltage means for switching by the current by said oxygen sensor, and 
it detects the current change accompanying said voltage switch. A deterioration detection means judges the purport in 
which said oxygen sensor has deteriorated based on current change detected by the current change detection means. 
[0013] When current (this is hereafter called peak current) steep in a negative direction occurs in a limiting current type 
oxygen sensor in short when applied voltage is switched to negative voltage from positive voltage, for example, and 
applied voltage is switched to reverse from negative voltage at positive voltage, it is known that steep current (peak 
current) will occur in the positive direction. Since the magnitude of the peak current corresponds to the deterioration 
condition of an oxygen sensor in this case, deterioration of an oxygen sensor is detected with a sufficient precision by 
the above-mentioned configuration. 

[0014] According to invention according to claim 2, an internal resistance detection means detects the internal resistance 
of an oxygen sensor. A heater control means carries out feedback control of the energization to said heater so that it may 
lose the deflection of the detected sensor internal resistance by the internal resistance detection means, and 
predetermined desired value. A deterioration judging means judges the purport in which the sensor concerned has 
deteriorated, when the current change immediately after the voltage switch detected by the current change detection 
means crosses the deterioration judging region corresponding to the voltage change by said voltage means for switching. 

[0015] That is, a limiting current type oxygen sensor can be expressed in the equal circuit of drawing 12 (a). However, 
"Rb" is [ resistance of the interface of an electrolyte and an electrode and "Cd of electrolytic internal resistance and 
"Rd"" ] the electrostatic capacity of an interface. If the porous electrode of an oxygen sensor produces blinding etc. with 
sensor deterioration in this case, the resistance Rd of drawing 12 (a) will increase. However, if feedback control of the 
internal resistance of an oxygen sensor is carried out to desired value, Resistance Rb will decrease as a result. Therefore, 
in the current path (path of ** of drawing) immediately after switching applied voltage, change of the peak current 
becomes large. Thereby, change of the peak current crosses a deterioration judging region, and the purport of 
deterioration is judged. 

[0016] When it is switched to the negative voltage Vn from the positive voltage **** at this time, for example, applied 
voltage, the peak current value Io is calculated by the following formula. 

In order to judge Io=Ip- (****-Vn)/Rb, therefore this peak current value Io, it is desirable to carry out based on the 
deterioration judging region corresponding to the voltage variation by the voltage means for switching. In addition, 
drawing 12 (b) shows the current change accompanying a voltage switch, the continuous line of sensor current shows 
the wave of positive always (before deterioration), and the dashed line of this sensor current shows the wave after 
deterioration. 

[0017] According to invention according to claim 3, a convergence current detection means detects the current value 
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concerned when being completed by sensor current after the voltage change over by the voltage means for switching. A 
deterioration judging means judges the purport in which the sensor concerned has deteriorated, when the current change 
immediately after the voltage switch detected by the current change detection means crosses the deterioration judging 
region corresponding to the convergence current detected by said convergence current detection means. 
[0018] That is, if an oxygen sensor deteriorates, since the internal resistance (total resistance containing Rb of drawing 
12 mentioned above and Rd) of the sensor concerned tends to increase, the convergence current after a voltage switch 
(absolute value) will become small. Therefore, the ratio of the change and convergence current (absolute value) of the 
peak current becomes so large that deterioration progresses, and that is judged by the deterioration judging means. A 
more exact deterioration judging is realizable by setting up a deterioration judging region, as especially indicated to 
claim 4. 

[0019] According to invention according to claim 5, an internal resistance detection means detects the internal resistance 
of an oxygen sensor. A deterioration judging means judges the purport in which the sensor concerned has deteriorated, 
when the current change immediately after the voltage switch detected by the current change detection means crosses 
the deterioration judging region corresponding to the sensor internal resistance detected by said internal resistance 
detection means. 

[0020] That is, when an oxygen sensor deteriorates, the sensor internal resistance of the sensor concerned is in the 
inclination of buildup. Therefore, the ratio of the change and sensor internal resistance of the peak current becomes so 
large that deterioration progresses, and that is judged by the deterioration judging means. A more exact deterioration 
judging is realizable by setting up a deterioration judging region, as especially indicated to claim 6. 
[0021] In addition, with the configuration of above-mentioned claim 2, feedback control of the energization of a heater 
was carried out in order to perform the deterioration judging of a sensor only by change of the peak current at the time 
of a voltage switch, and to have made sensor internal resistance in agreement with desired value, but with the 
configuration of claims 3-6, in order for the relative comparison with convergence voltage or sensor internal resistance 
to perform a deterioration judging, the above-mentioned feedback control is not made into requirements. Therefore, 
somatization becomes possible also at the equipment which only energizes a heater by opening control (of course, the 
configuration of claims 3-6 can be materialized also with the equipment of feedback control). 
[0022] 
[Example] 

(The 1st example) The 1st example which materialized this invention with the air-fuel ratio detection equipment of an 
automobile engine is hereafter explained according to a drawing. 

[0023] Drawing 1 is the circuit diagram showing the outline of the air- fuel ratio detection equipment in this example. In 
draw ing 1 , the electronic control (henceforth ECU) 1 is constituted centering on CPU(central processing unit) 2a, ROM 
(read-only memory) 2b, and the microcomputer 2 equipped with RAM(random access memory)2c. This microcomputer 
2 inputs the amperometry value of the oxygen sensor 5 of the limiting current method mentioned later, and outputs it in 
quest of an air-fiiel ratio according to a predetermined operation program. Moreover, ECU21 for engine control is 
connected to the microcomputer 2, and the air-fuel ratio called for with said microcomputer is outputted to ECU21 for 
engine control. ECU21 for engine control carries out feed back control of air-fuel ratio based on the above-mentioned 
air-fuel ratio, other internal combustion engine information, and vehicles operation information. 
[0024] On the other hand, a microcomputer 2 judges deterioration of an oxygen sensor 5, and outputs the deterioration 
judging signal to ECU21 for engine control. ECU21 for engine control indicates the alarm lamp 22 by burning 
according to a deterioration judging signal, and notifies a driver etc. of the purport of deterioration of an oxygen sensor 
5. 

[0025] The oxygen sensor 5 is formed in the exhaust pipe of the internal combustion engine which does not illustrate, 
and has the sensing element section 6 and a heater 7. The sensing element section 6 generates the limiting current 
corresponding to the oxygen concentration in an air-fuel ratio Lean field, or the carbon monoxide (CO) concentration in 
an air- fuel ratio rich field, and a heater 7 heats the sensing element section 6 to activity temperature (for example, about 
650 degrees C or more). In this case, the heater energization control circuit 3 established in the microcomputer 2 
controls the energization current to a heater 7, and, thereby, the temperature of the sensing element section 6 is held in 
an activity temperature requirement. The heater energization control circuit 3 has transistor 3a as a switching element, 
and, specifically, the end of a heater 7 is connected to the collector terminal of this transistor 3a. In connection with the 
energization signal from a microcomputer 2, the on-ofF action of the transistor 3a is carried out, and it carries out duty 
control of the energization of a heater 7. Moreover, battery power supply +B is connected to the other end of a heater 7. 
[0026] Between a microcomputer 2 and the sensing element section 6, the voltage impression section 8 and the 
amperometry section 12 are connected. And the applied voltage for limiting current detection controlled by the 
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microcomputer 2 is impressed to the sensing element section 6 through D/A converter 9 of the voltage impression 
section 8, an operational amplifier 10, and resistance 11. Moreover, the measured value of the limiting current generated 
in the sensing element section 6 is inputted into a microcomputer 2 through the resistance 1 1 of the amperometry section 
12, an operational amplifier 13, and A/D converter 14. 

[0027] Drawing 2 is the cross section showing the structure of an oxygen sensor 5 roughly. In the sensing element 
section 6, to the outside surface of the solid electrolyte layer 16 formed in the shape of a cross-section cup, the exhaust 
gas lateral electrode layer 18 fixed, and the atmospheric-air lateral electrode layer 19 has fixed to the internal surface. 
Moreover, the diffused-resistor layer 17 is formed in the outside of the exhaust gas lateral electrode layer 18 by the 
plasma metal spray method etc. the solid electrolyte layer 16 - Zr02, Hf02, Th02, and Bi 203 etc. - CaO, MgO, Y2 
03, and Yb 203 etc. — it consists of an oxygen ion conductivity oxide sintered compact made to dissolve as a stabilizer, 
and the diffused-resistor layer 17 consists of heat-resistant mineral matter, such as an alumina, MAGUNESHA, quality 
of a quartzite, a spinel, and a mullite. The exhaust gas lateral electrode layer 18 and the atmospheric-air lateral electrode 
layer 19 both consist of high noble metals of the catalytic activity of platinum etc., and are formed in both the front 
faces of the solid electrolyte layer 16 as porous chemical plating. In addition, the area and thickness of the exhaust gas 
lateral electrode layer 18 are 2 10- 100mm. It reaches, and has become about 0.5-2.0 micrometers, and, on the other 
hand, the area and thickness of the. atmospheric-air lateral electrode layer 19 are 2 10mm. They are the above and about 
0.5-2.0 micrometers. 

[0028] The heater 7 is held in the atmospheric-air lateral electrode layer 19, and heats the atmospheric-air lateral 
electrode layer 19, solid state electrode **** 16, the exhaust gas lateral electrode layer 18, and the diffused-resistor 
layer 17 with the exoergic energy. The heater 7 has sufficient exoergic capacity to activate the sensing element section 
6. 

[0029] And in the oxygen sensor 5 of the above-mentioned configuration, the sensing element section 6 generates shade 
electromotive force at a theoretical-air-fuel-ratio point, and generates the limiting current according to the oxygen 
density of the Lean field from a theoretical-air-foel-ratio point. In this case, the limiting current corresponding to an 
oxygen density is determined by the area of the exhaust gas lateral electrode layer 1 8, the thickness of the diffused- 
resistor layer 17, porosity, and the average aperture. Moreover, rather than theoretical air fuel ratio, in the field by the 
side of rich, the concentration of the carbon monoxide (CO) which is unburned gas changes to a linear mostly to an air- 
fuel ratio, and the sensing element section 6 of an oxygen sensor 5 generates the limiting current according to CO 
concentration. 

[0030] Here, the voltage-current property of an oxygen sensor 5 is explained using drawing 3 . That is, as shown in 
drawing 3 , ultimate lines LI have the portion (a part for a bay parallel to the voltage shaft of drawing) with a minute 
change of the current which flows in this solid electrolyte layer 16, and the so-called "limiting current generating area", 
even if the voltage impressed to the solid electrolyte layer 16 of the sensing element section 6 changes (in addition, this 
field is also called overvoltage rule field). And the limiting current is specified in the limiting current generating area for 
this bay. The limiting current value of an oxygen sensor 5 is proportional to an air-fuel ratio, it increases, so that an air- 
fuel ratio is on the Lean side, and it decreases, so that an air- fuel ratio is conversely on a rich side. 
[0031] Moreover, in this voltage-current property, the voltage region smaller than a limiting current generating area is a 
resistance control region, and the inclination of the ultimate lines LI in that resistance control region is specified with 
the internal resistance of the solid electrolyte layer 16 in the sensing element section 6. Here, since the internal 
resistance of the solid electrolyte layer 16 changes in connection with a temperature change, if the temperature of the 
sensing element section 6 falls, the above-mentioned inclination will become small according to buildup of resistance. 
In this case, lowering of temperature specifies a voltage-current property as drawing 3 with the ultimate lines L2 shown 
with a dashed line. The limiting current by ultimate lines L2 is mostly in agreement with the limiting current by ultimate 
lines LI. 

[0032] In addition, this example is equivalent to invention indicated to claim 1 or 2, and a voltage means for switching, 
the current change detection means, the deterioration judging means, the internal resistance detection means, and the 
heater control means are constituted by CPU2a in a microcomputer 2. 

[0033] Next, an operation of the air-fuel ratio detection equipment constituted is explained like the above. The flow 
chart of drawing 4 shows the main routine performed by CPU2a in a microcomputer 2, and CPU2a carries out repeat 
activation of this routine at intervals of several ms. 

[0034] Now, if the routine of drawing 4 starts, CPU2a will perform an air-fuel ratio detection routine (A/F detection 
routine) at step 1 10 first. Usually, repeat activation only of this air-fuel ratio detection routine is carried out at intervals 
of several ms, and when one conditions of step 120,140,160 mentioned later are satisfied, the internal resistance 
detection routine (Zdc detection routine) of step 130, the heater control routine of step 150, or the sensor deterioration 
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judging routine of step 1 70 is performed. 

[0035] The content of each step is explained in full detail, in addition, drawing 5 « the air- fuel ratio detection routine of 
step 1 1 0 - in drawing 6 , drawin g 7 shows the heater control routine of step 1 50, and drawin g 8 shows the sensor 
deterioration judging routine of step 170 for the internal resistance detection routine of step 130, respectively. 
[0036] Now, in the air-fuel ratio detection routine of drawing 5 , CPU2a impresses voltage **** (positive voltage) to the 
sensing element section 6 of an oxygen sensor 5 at step 1 1 1 first. The value of voltage **** makes all the ranges of an 
air-fuel ratio (limiting current value Ip) to detect, as shown in drawing 3 a detection possible value. For example, if 
internal resistance Zdc wants to detect air- fuel ratio =12-18 by 30 ohms, it is good at ****=0.3 - 0.5[bolt]. 
[0037] Then, CPU2a detects the current value Ip which flows in the sensing element section 6, i.e., a limiting current 
value, when voltage **** is impressed at step 1 12. Furthermore, CPU2a changes the limiting current value Ip at that 
time into an air-fuel ratio (A/F) using the limiting current value-air-fuel ratio map shown in drawing 9 at step 113. 
Moreover, CPU2a ends this routine, after outputting the air-fuel ratio obtained like the above at continuing step 1 14 to 
ECU21 for engine control. 

[0038] On the other hand, at step 120 of drawing 4 , it distinguishes whether CPU2a detects the internal resistance Zdc 
of an oxygen sensor 5 after air-fiiel ratio detection. At this time, when an engine rotational frequency, the pressure-of- 
induction-pipe force, an inhalation air content, the amount of exhaust gas, etc. change suddenly, it often [ following the 
temperature change of exhaust gas as detection conditions for internal resistance Zdc ], and specifically judges with the 
detection important point of internal resistance Zdc. in addition, this judgment — every single time amount — carrying 
out - being periodic (every [ for example, ] second) - you may make it detect internal resistance Zdc In this case, it is 
not necessary to input internal combustion engine information into a microcomputer 2 through ECU21 for engine 
control. 

[0039] And when affirmation distinction of the above-mentioned step 120 is carried out, CPU2a progresses to step 130 
and performs the internal resistance detection routine of drawing 6 . That is, in drawin g 6 , CPU2a impresses voltage Vn 
(negative voltage) to the sensing element section 6 of an oxygen sensor 5 at step 131. The value of this voltage Vn is the 
voltage of the resistance control region which does not start a limiting current generating area, as shown in drawing 3 , 
and it is specifically good at Vn=-0.3 - -l[bolt]. 

[0040] Then, as for CPU2a, only time amount tl stands by at step 132. That is, if the applied voltage of an oxygen 
sensor 5 is switched to the negative voltage Vn from the positive voltage *♦**, as shown in drawing 10 , a steep current 
change (peak current) will occur immediately after a voltage switch, and it will converge on the current value In on the 
static characteristic after that ("In" is hereafter called convergence current value). Then, CPU2a makes RAM2c 
memorize the current value In concerned after a voltage switch while only the time amount tl (ms [ several 10 ] - 100ms 
of numbers) which needs current to converge thoroughly detects the convergence current value In at step 133 after 
waiting and time amount tl progress. 

[0041] Furthermore, while CPU2a returns the applied voltage of the sensing element section 6 to the original positive 
voltage **** from the negative voltage Vn at step 134, only time amount t2 stands by at step 135. It is a standby time 
(several 10ms - 100ms of numbers) for completing thoroughly the peak current at the time of a voltage switch, as this 
time amount t2 is also shown in drawing 10 . 

[0042] Then, CPU2a computes the internal resistance Zdc (=Vn/In) of the sensing element section 6 (solid electrolyte 
layer 16) at that time at step 136 from the negative voltage Vn of step 131, and the convergence current value In 
(negative current value) of step 133. In this drawing.6 , after only time amount tl and t2 stands by like the above, the 
high detection result of precision is obtained by detecting a current value (In or Ip of drawing 5 ). 
[0043] Processing of above-mentioned draw ing 6 is more concretely explained using the timing diagram of drawing 10 . 
That is, in drawing 10 , voltage is switched to "Vn" from "****" to the timing of Tl, and while the convergence current 
value In is detected to the timing of T2 to have passed [ tl (ms / several 10 / - 100ms of numbers) ], voltage is returned 
to the original voltage ***♦. Internal resistance Zdc is computed to the timing of T3 to have passed [ t2 (ms / several 
10 / - 100ms of numbers) ] furthermore. 

[0044] Moreover, at step 140 of the main routine of drawing 4 , it distinguishes whether CPU2a performs energization 
control of a heater 7. As an execution condition of heater control, like said step 120, when an engine rotational 
frequency, the pressure-of-induction-pipe force, an inhalation air content, the amount of exhaust gas, etc. change 
suddenly, it is materialized at this time, or [ in addition, / that predetermined time has passed since the last heater 
control ] - responding - the necessity of heater control ~ you may judge - this case - heater control - only - being 
periodic (every [ for example, ] second) — it is carried out. 

[0045] And when affirmation distinction of the above-mentioned step 140 is carried out, CPU2a progresses to step 150 
and performs the heater control routine of drawing 7 . That is, at this example, heater control is performed by the duty 
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ratio control by PWM (Pulse Density Modulation). At this time, the control duty Duty of a heater 7 is computed by the 

following (1) 3 (2), and (3) types. 

[0046] 

GP=KP- (Zdc-ZdcT) ... (1) 
GI=GIi-l+KI- (Zdc-ZdcT) ... (2) 
Duty=GP+GI ... (3) 

However, in the top type, in an integral term and M KP", a proportionality constant and "KT express an integration 
constant, and "ZdcT" expresses [ "GP" / the proportional and "GI" ] aim resistance. 

[0047] That is, in drawin g 7 , CPU2a computes the proportional GP according to the deflection of internal resistance 
Zdc using the above-mentioned (1) formula at step 151, and computes the integral term GI according to the deflection of 
internal resistance Zdc using the above-mentioned (2) formula at continuing step 152. And CPU2a computes the control 
duty Duty of a heater 7 using the above-mentioned (3) formula at step 153, and ends this routine after that. Energization 
control of the heater 7 is carried out by the heater energization control circuit 3 of drawin g 1 based on the above- 
mentioned control duty Duty. In addition, in this example, although the so-called PI control is performed, it is also 
possible to change so that only PID control or I control may be performed. 

[0048] Moreover, at step 160 of the main routine of drawing 4 , it distinguishes whether CPU2a performs the 
deterioration judging of an oxygen sensor 5. At this time, as an execution condition of a deterioration judging, you may 
judge using operation information, such as mileage of vehicles, and the necessity of a deterioration judging may be 
judged according to whether predetermined time passed from the last deterioration judging. 

[0049] And when affirmation distinction of the above-mentioned step 160 is carried out, CPU2a progresses to step 170 
and performs the sensor deterioration judging routine of drawing 8 . That is, in drawing 8 , CPU2a impresses the 
negative voltage Vn to the sensing element section 6 of an oxygen sensor 5 at step 171 (applied voltage is switched to 
the negative voltage Vn from the positive voltage ****). As shown in drawing 3 , it is the voltage of the resistance 
control region which does not start a limiting current generating area, and the value of this voltage Vn is the same as the 
voltage Vn of step 13 1 of drawing 6 (internal resistance detection routine) mentioned above, and good. 
[0050] Then, as for CPU2a, only time amount t3 stands by at step 172. In this case, time amount t3 is time amount 
shorter than the time amount tl (convergence time amount of the peak current at the time of a voltage switch) in step 
132 of said drawing 6 (t3 «tl), and is specifically good by 0 - 10ms of numbers. And CPU2a makes RAM2c memorize 
the current value Io concerned while detecting the current value at that time (henceforth the peak current value Io) at 
step 173, after waiting only for time amount t3 (0 - 10ms of numbers). 

[0051] Furthermore, while CPU2a impresses the original positive voltage **** to the sensing element section 6 at step 
174, only time amount t4 stands by at step 175. This time amount t4 is a standby time (several 10ms - 100ms of 
numbers) for completing the peak current at the time of a voltage switch, and is the same time amount as the time 
amount t2 of drawing 6 mentioned above (t4=*2). 

[0052] Then, CPU2a distinguishes whether the peak current value Io detected at step 173 by step 176 is smaller than the 
predetermined deterioration decision value Ios. Here, although the deterioration decision values Ios differ according to 
the deterioration criterion for every system, they are set as a value usually smaller several mA than the peak current 
value Io at the time (always [ sensor positive ]) by this example. In this case, if it is Io>=Ios, CPU2a will consider that it 
is sensor normal, will carry out negative distinction of step 176, and will end this routine as it is. On the other hand, if it 
is Io<Ios, it will consider that CPU2a is sensor deterioration, and will progress to step 177. CPU2a ends this routine, 
after outputting a deterioration judging signal to ECU21 for engine control at step 177. While ECU21 for engine control 
indicates the alarm lamp 22 by burning in this case, feed back control of air-fuel ratio is interrupted. 
[0053] Processing of above-mentioned drawin g 8 is more concretely explained using the timing diagram of drawin g 1 1 . 
In addition, in the wave of sensor current, a continuous line shows deterioration before (always [ positive ]), and a 
dashed line shows the deterioration back. That is, at drawin g 1 1 , applied voltage is switched to the negative voltage Vn 
from the positive voltage **** to the timing of Tl 1 . Moreover, while the peak current value Io is detected to the timing 
of T12 to have passed [ t3 (0 - 10ms of numbers) ], voltage is returned to the positive voltage ***♦. 
[0054] A deterioration judging is performed by the peak current value Io to the timing of T13 to have passed [ t4 (ms / 
several 10 / - 100ms of numbers) ] furthermore. A normal judging will be made, if it is Io>=Ios at this time as a 
continuous line shows (step 176 of drawing 8 is NO). On the other hand, a deterioration judging will be made, if it is 
Io<Ios as a dashed line shows (YES of step 1 76 of drawing 8 ). 

[0055] Why the variation of the peak current value Io at the time of voltage change over becomes large with 
deterioration of an oxygen sensor 5 here is explained. Drawing 12 shows the equal circuit in the sensing element section 
6 of an oxygen sensor 6. In drawing 12 , "Rb" corresponds to the internal resistance in a resistance control region, and 
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"Rd" corresponds to the resistance which exists in the interface of the solid electrolyte layer 16 and electrode (the 
exhaust gas lateral electrode layer 18, atmospheric-air lateral electrode layer 19) in a limiting current generating area 
(overvoltage rule field). "Cd" is the electrostatic capacity of an interface similarly. However, it is Zdc=Rb+Rd. In this 
case, since current passes along the path (path of ** of drawing) from Resistance Rb to Resistance Rd immediately after 
switching applied voltage, the peak current value Io is determined by Resistance Rb (the following (4) types). 
[0056] 

Io=Ip- (****-Vn)/Rb ... (4) 

Moreover, when an oxygen sensor 5 deteriorates, the interior of a sensor presents the phenomenon shown below. That 
is, although the electrode (the exhaust gas lateral electrode layer 18 and atmospheric-air lateral electrode layer 19) of an 
oxygen sensor 5 is formed in the shape of porous one with platinum, it condenses by deteriorating and passage of the 
oxygen to the solid electrolyte layer 16 is barred. In this case, Resistance Rd (interfacial resistance) becomes large. And 
if heater control is performed that internal resistance Zdc should be made fixed in the state of the above-mentioned 
deterioration, a heater 7 will be controlled by the elevated temperature rather than deterioration before, and it will be 
necessary to make resistance Rb small. Therefore, after deterioration, even if internal resistance Zdc (= Rb+Rd) is the 
same compared with deterioration before, Resistance Rb becomes small. Therefore, the peak current value Io becomes 
large in a negative direction. 

[0057] According to **** 1 example explained in full detail above, the deterioration judging of an oxygen sensor 5 can 
be performed with an easily and sufficient precision by supervising change of the peak current value Io at the time of 
voltage change over. Moreover, although adoption of energization control (feedback control of drawing 7 ) of the heater 
which holds internal resistance Zdc to constant value like **** is advocated in the Air Fuel Ratio Control system in 
recent years since to reduce emission as much as possible is desired, it can use especially in this example suitable for the 
system which used the above-mentioned heater control. 

[0058] Furthermore, in case applied voltage is switched with "****" ->"Vn" -> "****", the standby time (usually 
several 10ms - 100ms of numbers) for waiting for convergence is required at the time of each voltage switch, but in case 
the peak current value Io as a deterioration judging element is detected at the time of the deterioration judging of this 
example, only slight time amount (0 - 10ms of numbers) is needed. Therefore, shortening of the duration of a 
deterioration judging can be attained. 

[0059] (The 2nd example) Next, the 2nd example which materialized invention of a publication to claims 3 and 4 is 
explained focusing on a point of difference with the 1st example. In addition, although feedback control of the heater 
energization was carried out in the 1st example of the above in order to have made the internal resistance Zdc of an 
oxygen sensor 5 in agreement with desired value, the heater energization is changed into opening control in the **** 2 
example. The flow chart of dr awin g 13 shows the main routine in the 2nd example, and this is equivalent to the flow 
chart of drawing 4 of the 1st example. Moreover, the flow chart of drawing 14 shows the sensor deterioration judging 
routine in the 2nd example, and this is equivalent to the flow chart of drawing 8 of the 1st example. 
[0060] In the main routine of drawing 13 , compared with said drawing 4 , the processing (step 120,130 of drawing 4 ) 
about internal resistance detection and the processing (step 140,150 of drawing 4 ) about heater control are omitted, and 
opening control of control duty regularity is performed about heater control in the control circuit which is not illustrated. 

[0061] Now, if the main routine of drawing 13 is started, CPU2a will perform an air-fiiel ratio detection routine (A/F 
detection routine) at step 210 first. Since it is completely the same as step 1 10 ( drawing 5 ) of drawing 4 , and good, 
this air-fuel ratio detection routine omits explanation here. 

[0062] Then, if CPU2a distinguishes and carries out deterioration distinction of whether deterioration of an oxygen 
sensor 5 is detected at step 220 and it will become, it will progress to step 230. Hereafter, a sensor deterioration judging 
routine is explained using drawing 14 . 

[0063] In drawing 14 , steps 231-233 are the same processings as steps 171-173 of drawing 8 , the voltage Vn negative 
at step 23 1 is impressed, only predetermined time t3 (0 - 10ms of numbers) stands by at step 132, and CPU2a performs 
detection of the peak current value Io, and the storage to RAM2c of the detection value concerned at step 233. And after 
only time amount t5 (ms [ several 10 ] - 100ms of numbers) stands by at step 234, CPU2a detects the convergence 
current value In at step 235, and RAM2c is made to memorize it after detection of the peak current value Io. Here, time 
amount t5 is time amount required to be thoroughly completed by current after a voltage switch. Then, CPU2a 
impresses the original voltage **** to the sensing element section 6 at step 236. 

[0064] Then, CPU2a performs the deterioration judging of an oxygen sensor 5 based on the newest current values Io 
and In (detection value of step 233,235) in RAM2c using the Io-In map shown in drawing 16 at step 237. That is, the 
map of drawing 16 is beforehand set up in ROM2b, and is classified into the deterioration field (the field A of drawing), 
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and the normal field (the field B of drawing) bordering on the deterioration control line L3. The deterioration control 
line L3 is set up so that the convergence current value In becomes large at a negative side, and a lifting line may be 
drawn. In this case, if the point of connecting the convergence current value In and the peak current value Io at that time 
is in Field B, CPU2a will consider that it is sensor normal, and will carry out negative distinction of step 237. 
[0065] Moreover, if the point of connecting the convergence current value In and the peak current value Io at that time 
is in Field A, CPU2a will consider that it has deteriorated and will carry out affirmation distinction of step 237. And 
CPU2a progresses to step 238 and outputs a deterioration judging signal to ECU21 for engine control. After processing 
of step 237,238, only time amount t6 (ms [ several 10 ] - 100ms of numbers) stands by so that the next air-fuel ratio 
detection can carry out with a sufficient precision at step 239, and CPU2a ends this routine after that. 
[0066] Processing of above-mentioned drawin g 14 is more concretely explained using the timing diagram of drawing 
15 . That is, at drawing 15 , applied voltage is switched to the negative voltage Vn from the positive voltage **** to the 
timing of T21, and the peak current value Io is detected to the timing of T22 to have passed [ t3 (0 - 10ms of numbers) ]. 

[0067] To the timing of T23 to have passed [ t5 (ms / several 10 / - 100ms of numbers) ] furthermore, applied voltage is 
returned to the original voltage ****. Moreover, based on the peak current value Io and the convergence current value 
In, a deterioration judging is performed at this time. Then, the routine of drawing 14 is completed to the timing of T24 
to have passed [ t6 ]. 

[0068] Here, in the map of said drawing 16 , the deterioration control line L3 is set up as the following. That is, the line 
which the initial property (a dashed line shows to drawing) of an oxygen sensor 5 is measured [ line ] beforehand, and 
made the peak current value Io increase to a negative side only by several% is made into the deterioration control line 
L3. What is necessary is to be changed by the degree to judge and just to bring the rate to which it is made to increase 
close to an initial property to judge early deterioration comparatively. Moreover, since the limiting current value Ip etc. 
has some correlation, when performing a deterioration judging more strictly, the relation with current values Io and In 
adds elements, such as the limiting current value Ip, to the two-dimensional map of above-mentioned drawing 16 , and 
is good also as a map beyond a three dimension. 

[0069] According to **** 2 example explained in full detail above, when the variation of the peak current value Io 
crossed the deterioration judging region corresponding to the convergence current value In, the purport in which the 
sensor concerned has deteriorated was judged. That is, if an oxygen sensor 5 deteriorates when carrying out opening 
control of the heater energization, since the internal resistance Zdc of the sensor 5 concerned tends to increase, the 
convergence current after voltage change over (absolute value) will become small. In this case, change of the peak 
current becomes an EQC or more than it deterioration before. Therefore, the ratio of the variation of the peak current 
and convergence current (absolute value) becomes so large that deterioration progresses. Consequently, the purport of 
deterioration of an oxygen sensor 5 can be judged easily. 

[0070] In addition, although heater control was considered as opening control in the **** 2 example, it is good as 
feedback control as well as the 1st example of the above. In this case, although the convergence current value In does 
not change in order that internal resistance Zdc may not change, the peak current value Io is changed according to a 
deterioration condition by change of Resistance Rb (refer to drawing 12 ). Therefore, the deterioration judging of an 
oxygen sensor 5 is attained using the relation of above-mentioned drawing 16 . 

[0071] (The 3rd example) The 3rd example which materialized invention of a publication to claims 5 and 6 is hereafter 
explained focusing on a point of difference with the 1st and 2nd example of the above. In addition, in the **** 3 
example, the deterioration judging of an oxygen sensor 5 is performed according to the relation of the peak current 
value Io and internal resistance Zdc which can be set at the time of a voltage switch. 

[0072] That is, the internal resistance Zdc and the convergence current value In of an oxygen sensor 5 have the relation 
"Zdc^Vn/In." Then, it replaces with the deterioration judging using the convergence current value In of drawing 14 , 
and the deterioration judging using internal resistance Zdc is performed. The flow chart of drawin g 17 shows the main 
routine in the 3rd example, and this is equivalent to the flow chart of drawing 4 of the 1st example. Moreover, the flow 
chart of drawing 18 shows the sensor deterioration judging routine in the 3rd example, and this is equivalent to the flow 
chart of drawing 8 of the 1st example. 

[0073] In the main routine of drawin g 17 , as compared with said drawin g 4 , the processing (step 140,150 of drawin g 
4 ) about heater control is omitted, and opening control of control duty regularity is performed by the control circuit 
which is not illustrated about heater control. However, heater control may be carried out in PI control like the 1st 
example, and ****** feedback control may be carried out that ****** of an oxygen sensor 5 should be held to aim 
temperature. 

[0074] Now, if the main routine of drawing 17 is started, CPU2a will perform an air-fuel ratio detection routine at step 
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310 first. Moreover, CPU2a will perform an internal resistance detection routine at step 330, if it distinguishes and 
detects whether internal resistance Zdc is detected at step 320. In addition, since it is completely the same as steps 110 
( drawing^ ) and 120,130 ( drawing 6 ) of drawing 4 , and good, processing of steps 310-330 omits explanation here. 
[0075] Then, if CPU2a distinguishes and carries out deterioration distinction of whether deterioration of an oxygen 
sensor 5 is detected at step 340 and it will become, it will progress to step 350. Hereafter, a sensor deterioration judging 
routine is explained using drawing 18 . 

[0076] In addition, in drawing 18 , steps 351-355 are the same processings as steps 171-175 of drawing 8 . That is, 
CPU2a impresses the voltage Vn negative at step 351, and only predetermined time t3 (0 - 10ms of numbers) stands by 
at step 352. Moreover, at step 353, while detecting the peak current value Io, the detection value concerned is 
memorized to RAM2c. At step 354, only predetermined time t5 (10 [ several ] - 100ms of numbers) stands by voltage 
from the negative voltage Vn by a switch and step 355 to the positive voltage *♦**. Then, CPU2a performs the 
deterioration judging of an oxygen sensor 5 based on the newest current value Io and the internal resistance Zdc (Io 
[ which was detected at step 353 ], Zdc detected at step 330 of drawing 17 ) in RAM2c using the Io-Zdc map shown in 
drawing 20 at step 356. That is, the map of drawing 20 is beforehand set up in ROM2b, and is classified into the 
deterioration field (the field C of drawing), and the normal field (the field D of drawing) bordering on the deterioration 
control line L4. The deterioration control line L4 is set up so that internal resistance Zdc becomes small, and a lifting 
line may be drawn. In this case, if the point of connecting the internal resistance Zdc and the peak current value Io at 
that time is in Field D, CPU2a will consider that it is sensor normal, and will carry out negative distinction of step 356. 
[0077] Moreover, if the point of connecting the internal resistance Zdc and the peak current value Io at that time is in 
Field C, CPU2a will consider that the oxygen sensor 5 has deteriorated, and will carry out affirmation distinction of step 
356. And CPU2a progresses to step 357 and outputs a deterioration judging signal to ECU21 for engine control. CPU2a 
ends this routine after processing of step 356,357. 

[0078] Processing of above-mentioned drawing 1 8 is more concretely explained using the timing diagram of drawin g 
19 . That is, in drawin g 19 , voltage is switched to the negative voltage Vn from the positive voltage **** to the timing 
of T3 1 , and while the peak current value Io is detected to the timing of T32 to have passed [ t3 (0 - 10ms of numbers) ], 
applied voltage is returned to the positive voltage *♦**. Then, based on the peak current value Io and internal resistance 
Zdc, a deterioration judging is performed to the timing of T33 to have passed [ t4 ]. 

[0079] Here, in the map of said drawing 20 , the deterioration control line L4 is set up as the following. That is, the line 
which the initial property (a dashed line shows to drawing) of an oxygen sensor 5 is measured [ line ] beforehand, and 
made the peak current value Io increase to a negative side only by several% like above-mentioned drawing 16 is made 
into the deterioration control line L4. What is necessary is to be changed by the degree to judge and just to bring the rate 
to which it is made to increase close to an initial property to judge early deterioration comparatively. 
[0080] As mentioned above, according to **** 3 example, when the variation of the peak current value Io crossed the 
deterioration judging region corresponding to internal resistance Zdc, the purport in which the sensor concerned has 
deteriorated was judged. In this case, the deterioration judging of an oxygen sensor 5 can be performed with a sufficient 
precision like the 1 st and 2nd example of the above. 

[0081] In addition, this invention can be materialized with the following aspect other than the above-mentioned 
example. 

(1) In the above-mentioned example, in order to detect internal resistance Zdc, although a switch and voltage Vn 
detected the current value In from **** to Vn, you may once ask for the applied voltage to an oxygen sensor 5 with an 
alternating current impedance like JP,4-24657,B. In this case, alternating voltage is impressed to an oxygen sensor 5, 
and internal resistance Zdc is measured from that voltage swing and the current amplitude by it. Moreover, you may 
measure like JP,7- 1883 7,B. 

[0082] (2) Although the deterioration judging of this sensor 5 was performed in the above-mentioned example based on 
change of the peak current produced when the applied voltage of an oxygen sensor 5 is switched to the negative voltage 
Vn from the positive voltage **♦*, based on change (for example, change of the peak current produced to the timing of 
T2 of drawing 10 ) of the peak current produced when it switches to the positive voltage **** from the negative voltage 
Vn, it may be made to perform the deterioration judging of this sensor 5. Also in this case, an effect equivalent to the 
above-mentioned example is acquired. 

[0083] (3) Although considered as the fixed value in the above-mentioned example according to the air-fuel ratio range 
which wants to detect voltage **** at the time of air-fuel ratio detection, this may be set as adjustable. That is, the 
voltage **** according to the limiting current value Ip (air-fuel ratio) at that time is set up on the setting-out line L5 
using the applied- voltage setting-out line L5 shown in drawing 21 (****=Z-Ip+Ve). however, inclination Z of the 
setting-out line L5 - the internal resistance of an element - about 1 - I do - the intercept Ve with V shaft - the 
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limiting current region in an ideal air-fuel ratio (Ip=0mA) - it is mostly equivalent to a midpoint. 

[0084] (4) The temperature (element temperature) of the sensing element section 6 of an oxygen sensor 5 is detected, 

and you may make it measure internal resistance Zdc with the response relation of the element temperature and internal 

resistance Zdc. 

[0085] 

[Effect of the Invention] According to invention according to claim 1, by detecting current change (peak current value 
change) until it is completed as a predetermined value by current immediately after switching the applied voltage of an 
oxygen sensor, and performing a deterioration judging from the detection result, it is a new method and the outstanding 
effect that the deterioration judging of an oxygen sensor can be performed with a sufficient precision is demonstrated. 
[0086] According to invention according to claim 2, even if it is in the condition that internal resistance is maintained by 
constant value about the equipment which carries out feedback control of the energization of a heater in order to make 
the internal resistance of an oxygen sensor in agreement with desired value, the deterioration judging of the sensor 
concerned can be performed with a sufficient precision. 

[0087] According to invention given in claims 3 and 4, the deterioration judging of an oxygen sensor can be performed 
with a sufficient precision by using the relation between the peak current value immediately after a voltage switch, and 
the convergence current value after convergence. 

[0088] According to invention given in claims 5 and 6, the deterioration judging of an oxygen sensor can be performed 
with a sufficient precision by using the relation between the peak current value immediately after a voltage switch, and 
the internal resistance of a sensor. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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